Role Of Cysteine Residues And Target Base Eversion In M.EcoP151 Mediated Methyl Transfer Reaction by Reddy, Yeturu Venkatarami
Summary and Conclusions 
EcoP15I DNA methyltransferase (M.EcoP151) catalyses the transfer of a methyl 
group from S- adenosyl- L- methionine (AdoMet) to the second adenine in the canonical site 
5'- CAGCAG-3' to form N ~ -  methyl adenine. M.EcoPl51 is an N ~ -  adenine methyltransferase 
and belongs to the P group of amino MTases. The enzyme is a part of the type I11 restriction- 
modification system. Type 111 restriction- modification (R-M) enzymes are multifunctional 
proteins that exert both methylation and restriction activities. Type 111 R- M systems contain 
two subunits, the Res subunit encoded by the res gene and the Mod subunit encoded by the 
mod gene. Although the Mod subunit alone can catalyse the methylation reaction, both Res 
and Mod subunits are necessary for DNA cleavage. 
Based on the type of methylation reaction catalysed and amino acid sequence 
analysis, DNA methyltransferases (MTases) are divided into three classes, namely N ~ C ,  N ~ A  
and m5c  MTases. The N'C and N ~ A  MTases are amino methylases, while the m5c MTases 
are ring methylases. Comparative analysis has shown that m5c- MTases share an ordered set 
of conserved motifs, that alternate with non conserved motifs. Most prominent among these 
are motif I, which is involved in S-adenosyl-L-methionhe (AdoMet) binding and motif IV, 
involved in catalysis. The amino methyltransferases are further subdivided into three groups- 
a, J3 and y, which are distinguished by the differences in the linear order of conserved motifs 
in their primary sequences. Only three DNA amino MTases- TaqI, DpnM and PvuII have 
been structurally characterised so far. 
Although much is known about the biochemistry and biology of exocyclic amino 
methytransferases, the reaction mechanism of these MTases is not fully understood in terms 
of amino acid residues involved in catalysis and the consequences to the target base during 
the methyl transfer reaction. With the availability of large quantities of purified M.EcoP151 
we attempted to address the following: 
The Role of Cysteine Residues in M.EcoPl5l: 
Cysteine residues are important for studying the structure and function of enzymes. 
Cysteines can serve as specific points for covalent labeling by radioactive, fluorescent, and 
spin labeled S H -  reacting compounds because of their reactivity. These can be used to probe 
three- dimensional structures and to detect intramolecular conformational changes. In m5c - 
MTases, the invariant Pro-Cys dipeptide (motif IV) is known to be involved in methyl group 
transfer. Very little is known about the role of cysteine residues in any amino MTase 
catalysed reaction. Initial experiments done in our laboratory suggested that the absence of 
reducing agents in buffers used during purification of M.EcoP15.I resulted in loss of 
enzymatic activity. When purified enzyme preparations were dialysed against buffers not 
containing the reducing agent, the enzyme lost activity upon storage. These results suggested 
that cysteine residues in the protein could have a role in stabilisation, or in catalysis. 
In the present investigation we have used chemical modification and site directed 
mutagenesis, to elucidate the role of the cysteine(s) in the activity of EcoP15I DNA MTase 
(M.EcoP151). This enzyme contains six cysteine residues at positions 30, 213,344, 424, 553 
and 577. 5,5' bis-dithiobenzoic acid (DTNB) titration of the enzyme under non-denaturing 
and denaturing conditions confirmed the presence of six cysteine residues without any 
disulfide in the protein. Modification of the enzyme with the thiol modifying agents like N- 
ethylmaleimide (NEM), DTNB and iodoacetamide resulted in rapid loss of activity. 
Addition of DTT to the DTNB- labeled M. EcoP15I under native conditions removed about 
90% of the attached probe with concomitant recovery of MTase activity. Kinetic analysis of 
the reaction with NEM demonstrated, that modification of only one cysteine per single 
subunit resulted in loss of activity. This comprehensive inhibition with a range of thiol 
reagents of different sizes and complexity argues strongly in favor of a significant structural 
or functional role for cysteine residues in M.EcoP151. Inactivation could be caused by steric 
obstruction of the active site of the enzyme, conformational alterations of the enzyme, or 
modification of cysteine residue essential for the catalytic process. There are number of 
instances where it has been shown that the modification or oxidation of cysteine residues in 
DNA binding proteins, affects the ability of these proteins to bind DNA and therefore 
enzymatic activity. Gel mobility-shift assays with the NEM-modified enzyme and 
unmodified enzyme showed similar binding with the 31-mer duplex DNA containing 
M.EcoP15I recognition sequence, whereas AdoMet binding was lost upon NEM- 
modification. As expected, AdoMet protects the enzyme against NEM modification of the 
critical cysteine residue (AdoMet Cross-linking). It was not possible to do substrate 
protection experiments because at high concentrations of AdoMet, M.EcoP15I exhibited 
substrate inhibition. Both circular dicroism and gluteraldehyde cross-linking studies revealed 
a similar conformation for NEM modified and unmodified M.EcoP151. Attempts to identify 
the critical cysteine residue using differential labeling strategy, withI4c- labeled NEM in the 
presence of AdoMet were not successful. We, therefore resorted to an alternate approach- use 
of site directed mutagenesis to identify the cysteine residue(s) responsible for inactivation. 
Each of the individual cysteine residues was changed to either serine or alanine. The 
phenotypes of all the mutant methylases were established using in vivo and in vifro restriction 
assays. All the C+S mutants were found to be active except the one at position 344. 
Biochemical characterization of the purified mutant enzymes in terms of substrate binding 
and catalysis was carried out. All mutant methylases behaved like the wild-type enzyme. 
Although cysteine and serine are chemically similar, both being nucleophilic, they 
posses significant differences in nucleophilicity and polarity. The hydroxyl group of serine is 
highly polar, and the sulphydryl group of cysteine is relatively non- polar. Assuming that 
cysteine occupies a position in a hydrophobic environment, the introduction of a polar 
residue like serine could significantly perturb the active enzyme structure. In order to address 
this possibility, a second mutation was generated that replaced the cysteine at position 344 by 
a non- polar residue alanine. However we could not purify the mutant methylases, C344S and 
C344A, to near homogeneity. Although the expression levels of these mutant enzymes were 
very high the proteins degraded rapidly, during the purification procedure. The C344A 
mutant enzyme could be partially purified. There was no detectable methylation activity even 
when excess' of C344A-M.EcoP15I was used. Partial proteolysis and probing with 
M.EcoP15I specific antibody showed the peptide pattern to be the same as for the wild-type 
enzyme, suggesting similar domain organisation. C344A-M. EcoP 151 was unable to bind 
DNA, whereas AdoMet binding was retained and it was insensitive to NEM modification. 
The kinetic data confirm the nonessential character of cysteine at positions 30,213,434,553, 
and 577 in the catalytic mechanism. To confirm this conclusion further, double and triple 
mutants were generated, some which had the cysteine at position 344 replaced with serine. 
All double and triple mutants that had a serine at position 344 did not show wild- type 
activity, whereas all other combinations did not result in loss of methylation activity. Taken 
together, these results convincingly demonstrate that cysteine at position 344 is necessary for 
enzyme activity and plays an essential role in DNA binding. 
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Target DNA distortion by EcoP151 DNA methyltransferase: 
Watson and Crick's double helical structure of DNA has proved to be one of the most 
enduring molecular images in biology, It was not clear until recentIy how enzymes access 
bases in the DNA double helix during modification reaction, because the phosphodiester 
backbone imposes a severe steric restraint on the functional groups of the enzyme. This 
puzzle was solved, when the co-crystal structure of M.HhaI with its DNA substrate was 
reported, where the target cytosine flipped out of the B- DNA helix into the enzyme's active 
site pocket. Only in two mSc methylases base flipping has been demonstrated directly. 
Three- dimensional structures of M.Taq1 @A), MSvuII w4c) and MM.DpnM have 
been solved in the absence of DNA. When the B-DNA was docked into these structures, the 
distance between the two reactants (target base and methyl group of AdoMet) was too far, 
and it was proposed that they could be brought into close proximity by invoking a base 
flipping mechanism. While X-ray crystallography of protein-DNA complexes provides the 
absolute proof far DNA base flipping, recently alternative approaches to detect base flipping 
have been reported. 
In the present study, we have used the mismatch base approach, a steady state 2- 
minopurine based base flipping assay and DNA foot- printing studies to demonstrate the 
target base eversion by EcoP15I MTase. If the base pairing is weak, the enryme requires 
lesser energy to flip the target nucleotide; and hence there is stronger binding. The binding 
constants for duplexes containing the mismatches at the target position were determined. In 
all instances, M.EcoP15I bound slightly tighter to the mismatched duplexes as compared to 
the cognate duplex. It was reported in a few other cases,'the MTases bound tighter to DNA 
substrates containing mismatches at the target base within the recognition sequences than the 
normal substrate. It has therefore been proposed that the increase in binding affinity can be 
explained by decrease in energy required to break the base pair and flip the target base. 
Structures for complexes between HhaI MTase and oligonucleotides containing a mismatch 
at the target base pair have recently been determined. In all cases, the mismatched nucleotide 
including abasic residue flipped out of the helix and was located in the enzyme's active- site 
pocket. These results, particularly the flipped- out abasic deoxyribose sugar, suggest the 
involvement of rotation of sugar phosphate backbone in the process of base flipping. Our 
results are therefore consistent with the hypothesis that DNA MTases in genera1 bind to 
mismatches more tightly than to the respective cognate sequences. 
Fluorescent base analogue 2-aminopurine (2AP) is a very sensitive probe to detect 
conformational changes in DNA structure and can be incorporated into 01igonucIeotides. Due 
to stacking interactions 2AP fluorescence is strongly quenched in duplex DNA. However an 
enhancement in fluorescence intensity will be observed if the base is flipped out of the helix 
upon enzyme binding. In steady state fluorescence spectra, enhanced fluorescence was 
observed with duplexes (where adenine is replaced with 2-aminopurine within the 
recognition sequence) in the presence of enzyme, and this was cofactor dependent. 
Surprisingly, enhanced fluorescence was also observed with the duplex where the first 
adenine was replaced with 2-aminopurine. It appears that binding of the enzyme to the 
recognition sequence distorts the DNA such that the first adenine in the recognition sequence 
has also lost some stacking interactions and hydrogen bonding contacts and is probably in a 
different environment. Results obtained with the duplex X (chapter 111) clearly indicate that 
the first adenine is not the target base in the methylation reaction catalysed by M.EcoP15I. It 
is known that the mode of DNA recognition is different in M.Hae 111 and M.Hha I. In M. 
HaeIII, besides the target cytosine being extruded from the DNA helix, the remaining bases 
in its recognition sequence undergo an extensive rearrangement in their pairing. The 
placement of the 2AP base out side the recognition sequence resulted in no apparent increase 
in fluorescence intensity upon enzyme binding, indicating, that the enhancement in 
fluorescence is due to movement of base extrahelically and not due to general disturbances in 
the helical structure. Therefore these results suggest that M.EcoPl5I induces the target DNA 
distortion but this distortion is not confined to the target adenine alone. The DNA distortion 
in M.EcoPl5I is probably more complex, because of the asymmetric nature of the target 
sequence. 
Chemical footprinting methods were employed to probe the extra-helical nature of the 
target adenine. Diethyl pyrocarbonate (DEPC) and potassium permanganate (KMn04) react 
with the purines and thymines respectively when they are present in the single- stranded 
form. In duplex DNA, base stacking interactions provide protection against these 
modifications. DEPC protection studies with M.EcoP15I showed that the three adenines in 
the top strand (two within and one outside the recognition sequence) were modified. These 
results support the proposal that M.EcoP15I mediated DNA distortion is not confined to the 
target base. KMn04 protection studies clearly showed that thymine in place of target adenine, 
was flipped out of the duplex. Collectively, these results suggests that M.EcoP151 flips the 
target adenine during the methylation reaction and supports the hypothesis that base flipping 
is involved in the catalytic mechanism of DNA adenine methyltransferases. 
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